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Simple Hyperaemia Test as a Screening Method in the 
Postoperative Surveillance of Infrainguinal in situ Vein Bypasses 
Tina G. Nielsen, Henrik Sillesen, Torben V. Schroeder 
Department of Vascular Surgery RK, Rigshospitalet, University of Copenhagen, Denmark 
Objectives: To develop a simple protocol for ultrasound Duplex surveillance of infrainguinal vein bypasses. 
Design: The value of three Doppler waveform parameters, obtained from a single point of the bypass, for identification of 
stenoses was studied in 91 in situ vein bypasses. Midgraft peak systolic velocity (PSV), pulsatility index (PI) and ratio 
of hyperaemic and resting time-average mean velocities (TAMV), (TAMV ratio = TAMVhy ..... iJTAMVrest) were 
• . , P " , 
correlated with the presence and sever#y of stenoses as assessed by conventmnal Duplex scanning and ankle-brachzal index 
(ABI) measurements. The optimal value of the waveform parameters for discrimination between bypasses with and without 
evidence of stenoses was determined by receiver operating characteristics (ROC) analysis. 
Main results: Complete Duplex scanning of the entire graft revealed an increase in the peak systolic velocity by a factor 
2.5 indicative of significant stenoses in 24 (26%) patients. A PSV below 55 cm/s was a poor indicator of stenoses 
(sensitivity 46%, specificity 76%) and PI <- 3.8 only allowed suboptimal discrimination between ormal and stenotic 
bypasses ( ensitivity 63%, specificity 75%). The hyperaemic response assessed by TAMV ratio proved the best parameter 
for identification of graft stenoses. A TAMV ratio of 2.0 or less correctly identified 21 of the 24 lesions (sensitivity 88%, 
specificity 75%) and none of the three bypasses with evidence of stenoses and TAMV ratios exceeding 2.0 failed during 
follow-up. 
Conclusions: Single point waveform analysis of vein bypass velocity profile at rest and during reactive hyperaemia s a 
simple screening method providing diagnostic and prognostic information which may be of value in the postoperative 
surveillance of infrainguinal vein bypasses. 
Key Words: Saphenous vein; Transplantation; Graft occlusion; Vascular; Ultrasonography; Doppler; Duplex. 
Introduction 
Graft stenosis is the most common cause of inter- 
mediate failure after infrainguinal vein bypass sur- 
gery. ~-~ Postoperative surveillance and elective revi- 
sion of high grade stenoses have proven effective in 
56 securing long-term bypass patency. ' Most stenoses 
are asymptomatic ~'7and measurement of ankle-bra- 
chial index (ABI) at rest s or after exercise 9'1° fail to 
identify a significant number of lesions. Ultrasound 
Duplex scanning provides non-invasive B-mode imag- 
ing of the graft in addition to Doppler waveform 
analysis of bypass velocity profile and has become the 
preferred modality for identification of failing 
grafts. 6A~-13 Early reports were in favour of the low 
velocity criterion, as a peak systolic velocity below 45 
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cm/s was found to be associated with reconstruction 
failure. ~4 Recently other investigators demonstrated 
that low velocity failed to identify all angiographically 
detectable stenoses and advocated the high velocity 
criterion. 15'16 A local increase in the peak velocity of 
100% or more, compared to the peak velocity in a non- 
stenosed segment of the bypass, indicates asignificant 
stenosis. Combining both criteria, a high sensitivity 
and specificity for detection of stenoses in the graft as 
well as in in- and out-flow arteries has been 
achieved. 15'17 This approach, however, requires exam- 
ination of the entire graft in detail which is time 
consuming and may be technically difficult in some 
patients. With the aim of developing a simplified 
surveillance protocol for identification of failing 
grafts, we correlated the results of single point 
waveform analysis at rest as well as during post- 
ischaemic hyperaemia with the findings of conven- 
tional Duplex scanning and ABI measurements in 91 
in situ vein bypasses. 
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Materials and Methods Statistics 
From January through December 1993, 91 patients, 
who had undergone infrainguinal in situ vein bypass 
surgery at the Vascular Service, Rigshospitalet, were 
prospectively included in the study. The median age 
of the 66 men and 25 women was 69 (range 47-87) 
years. Twenty-one (23%) patients had diabetes, 12 
(13%) insulin dependent and nine (10%) non-insulin 
dependent. The indication for surgery was inter- 
mittent claudication in 17 (19%), rest pain in 35 (38%), 
ischaemic ulcerations or gangrene in 36 (40%) and 
symptomatic popliteal aneurysms in three (3%). The 
bypass was anastomosed to the above-knee popliteal 
artery in three (3%), the below-knee popliteal artery in 
41 (45%), a crural artery in 45 (49%) and a pedal artery 
in two (2%). The number of patent run-off arteries was 
one in 61 (67%) and two or three in 30 (33%). 
The time interval from surgery to study entry 
ranged from 1.5 to 12 (median 3) months. Resting ABI 
was measured by Doppler technique and a decrease in 
ABI of greater than 0.15 compared to previous 
measurements was considered a significant pressure 
reduction. The ultrasound examinations were carried 
out with the patient in the supine position in a 
temperature neutral room after 30 min rest with a 
B&K Medical 3535 Duplex scanner using a 7.5 or 5.0 
MHz transducer. The entire length of the graft 
including the proximal and distal anastomosis was 
visualised. Native in- and out-flow arteries were only 
examined in cases of ABI reduction. Stenoses were 
identified by a peak systolic velocity (PSV) of 2.5 times 
the value in adjacent graft segments. 7'15"17 
For single point waveform analysis a resting Dop- 
pler spectrum was obtained from the midgraft seg- 
ment approximately 10 cm above the knee and the 
following parameters determined: PSV, time-average 
mean velocity (TAMVrest) and pulsatility index 
(PI= (A-B)/time average maximum velocity) is (Fig. 
1). The luminal diameter of the midgraft at peak 
systole was measured on the B-mode image. Ischae- 
mia was induced by manual compression of the graft 
for 2 min. The lack of colour saturation on the colour 
flow image of the distal bypass in addition to the 
disappearance of pedal artery Doppler signals upon 
compression was taken as evidence of bypass occlu- 
sion and distal ischaemia. A hyperaemic Doppler 
spectrum was obtained 5 s after relief of com- 
pression and TAMVhyperaemia determined. The 
hyperaemic response was determined as the TAMV 
ratio (TAMVhyperaemia/ TAMVrest ). In two patients 
distal ischaemia was not achieved by bypass com- 
pression and these were not included in the study. 
Doppler waveform parameters are given as median 
and range. The best threshold values of midgraft PSV, 
PI and TAMV ratio for discrimination between ormal 
and stenotic bypasses were determined by use of the 
receiver operating characteristic (ROC) curves. Com- 
parisons of continuous data in two groups were 
performed with the Mann-Whitney test and correla- 
tions between two continuous variables estimated by 
Spearman's rank correlation analysis. Since the study 
involved a number of comparisons, p-values of less 
than 0.01 were considered statistically significant. 
Results 
Duplex examinations 
In 67 (74%) patients the complete Duplex examination 
revealed no or minor local increases in flow velocity 
(group I). Fourteen (15%) patients had localised PSV 
ratios of _ 2.5 indicative of significant stenoses but no 
interval reduction of ABI (group II) and 10 (11%) 
patients had PSV ratios of ___ 2.5 in association with a 
significant ABI reduction (group III). The stenoses 
were located at the proximal anastomosis in one (4%), 
in the vein graft in 18 (75%) and at the distal 
anastomosis n five (21%). Additional in-flow lesions 
were identified in two and run-off disease in one of the 
24 patients with bypass stenoses. 
In 20 (83%) cases the stenoses were asymptomatic, 
A 
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Fig. 1. Doppler spectral velocity waveform. (A) peak systolic 
velocity, (B) minimum diastolic velocity, -- : time average max- 
imum velocity, pulsatility index= (A-B)/time average maximum 
velocity. 
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whereas three (13%) patients had developed claudica- 
tion and one (4%) rest pain. 
Doppler waveform parameters 
Midgraft PSV, PI and TAMV ratio for the three groups 
are shown in Figs. 2, 3 and 4. By use of ROC analysis, 
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Fig. 2. Midgraft peak systolic velocity (PSV) in bypasses without 
stenoses (group I), in bypasses with stenoses but no ankle-brachial 
index (ABI) reduction (group II) and in bypasses with stenoses 
associated with ABI reduction (group III). ( i )  indicates stenoses 
located proximal to the site of measurement, (*) stenoses located 
distal to the site of measurement. 
the best threshold of midgraft PSV for discrimination 
between bypasses with evidence of stenoses and 
normal bypasses was assessed as 55 cm/s. This value 
identified 11 of the 24 (46%) stenoses detected by 
complete Duplex examination. The optimal value of 
midgraft PI for separation of bypasses with and 
without stenoses was 3.8 and using this threshold 15 
of 24 (63%) stenoses could be identified. The best cut- 
off value of TAMV ratio was 2.0 and this value 
identified 21 of 24 (88%) stenoses. The overall diag- 
nostic accuracies of the three Doppler waveform 
parameters are listed in Table 1. Midgraft PSV and 
TAMV ratio were similar in bypasses with stenoses 
located proximal and distal to the site of measure- 
ment. PI, on the other hand, tended to be more 
severely reduced if the stenosis was located at the 
proximal (2.0(0.8-3.7)) as compared to the distal end of 
the graft (3.9(1.2-6.2), p= 0.04 (Fig. 3). 
Run-off and graft diameter 
Among patients without evidence of stenoses, TAMV 
ratio was lower in bypasses with only one patent run- 
off vessel than in bypasses with two or three run-off 
vessels. Midgraft PSV, PI and bypass diameter were 
not related to run-off (Table 2). 
In normal bypasses, graft diameter was inversely 
correlated to midgraft PSV (R(S)=-0.415, p--0.0005), 
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Fig. 3. Midgraft pulsatility index (PI) in bypasses without stenoses 
(group I), in bypasses with stenoses but no ankle-brachial index 
(ABI) reduction (group II) and in bypasses with stenoses associated 
with ABI reduction (group IlI). ( I )  indicates stenoses located 
proximal to the site of measurement, (*) stenoses located distal to 
the site of measurement. 
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Fig. 4. Time-average mean velocity (TAMV) ratio in bypasses 
without stenoses (group I), in bypasses with stenoses but no ankle- 
brachial index (ABI) reduction (group II) and in bypasses with 
stenoses associated with ABI reduction (group III). ( i )  indicates 
stenoses located proximal to the site of measurement, (*) stenoses 
located distal to the site of measurement. 
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Table 1. Diagnostic accuracies of the Doppler waveform parameters, midgraft PSV, PI and TAMV ratio for detection of vein bypass 
stenoses 
Positive Negative Overall 
Criteria Sensitivity Specificity predictive value predictive value accuracy 
PSV <- 55 cm/s 11/24 (46%) 51/67 (76%) 11/27 (41%) 51/64 (80%) 62/91 (68%) 
PI ~ 38 15/24 (63%) 50/67 (75%) 15/32 (47%) 50/59 (85%) 65/91 (71%) 
TAM- ratio ~ 2.0 21/24 (88%) 50/67 (75%) 21/38 (55%) 50/53 (94%) 71/91 (78%) 
PSV -- peak systolic velocity; PI = pulsatility index; TAMV = time-average mean velocity. 
Table 2. Doppler waveform parameters, luminal diameter and ABI 
in 67 normal infrainguinal in situ vein bypasses related to number 
of patent run-off arteries (median values and range) 
2or3 
i run-off run-off arteries 
(n = 42) (n = 25) p-value 
Midgraft PSV (cm/s) 67 (35-156) 65 (25-108) NS 
Midgraft PI 4.9 (1.4-18.6) 5.5 (l.8-15.8) NS 
TAMV ratio 2.4 (1.6-5.2) 4.0 (1.4-9.2) 0.0003 
Diameter (ram) 5.0 (3.1-7.0) 5.0 (4.0-7.4) NS 
ABI 0.94 (0.67-1.24) 0.88 (0.67-1.11) NS 
PSV = peak systolic velocity; PI = pulsatility index; TAMV = time- 
averaged mean velocity; ABI = ankle-brachial index. 
but neither to midgraft PI (R(S)= 0.048, NS) nor to 
TAMV ratio (R(S)= 0.208, NS). No difference in graft 
diameter between bypasses with and without stenoses 
was observed. None of the waveform parameters was 
significantly influenced by the presence of fistulae or 
by diabetes. 
Follow-up 
During a median follow-up of 2 (1-4) months two 
bypasses from group II and three bypasses from group 
III were revised. Of the 19 non-revised bypasses with 
evidence of stenoses, one bypass from group II and 
five from group III thrombosed in median 2months (1 
week-7 months) follow-up. The remaining 13 (68%) 
bypasses tayed patent for a median of seven (1.5-15) 
months. The difference in occlusion rate between 
group II and III did not reach statistical significance 
but a TAMV ratio of less than 1.0 was associated with 
an increased risk of graft thrombosis (Table 3). Among 
Table 3. The incidence of graft occlusions related to ABI reduction 
and TAMV ratio in 19 non-revised bypasses with stenoses 
Number of occlusions p-value 
+ ABI reduction (group III) 5/7 (71%) 0.02 
- ABI reduction (group II) 1 / 12 (8%) 
TAMV ratio -< 1.0 5/6 (83%) 0.006 
TAMV ratio > 1.0 1/13 (8%) 
ABI = ankle-brachial h~dex; TAMV = time-average mean velocity. 
the 67 bypasses without evidence of stenoses two (3%) 
occluded. One occlusion was due to a graft stenosis 
that developed 5 months after study entry and one 
was caused by progression of out-flow artery 
disease. 
Discussion 
Duplex scanning using a combination of the low 
velocity criterion (PSV < 45 cm/s) and the high 
velocity criterion (PSV-ratio > 2-3) accurately identi- 
fies all angiographically detectable stenoses in infra- 
inguinal vein bypasses} 5 This method, however, 
requires time consuming imaging of the entire bypass 
and is not suitable for routine follow-up of asympto- 
matic patients} 9 In attempts to develop a simpler 
surveillance protocol we studied the value of single 
point waveform analysis for identification of vein 
graft stenoses. 
Bypass velocity profile has traditionally been ana- 
lysed in resting extremities. However, minor degrees 
of stenoses not influencing baseline velocity profile 
may become significant with increased flow rate. 
Therefore, analysis of the hyperaemic velocity profile 
would be expected to yield superior diagnostic accu- 
racy. In support of this, circulatory stress tests have 
been successfully applied in the evaluation of car- 
diac, 2° cerebral 22 and lower extremity 22'23 vascular 
disease. In the present study, the hyperaemic response 
to limb ischaemia was assessed in addition to two 
parameters eflecting the resting bypass velocity pro- 
file. Duplex scanning and detection of localised 
changes in flow velocity was used as the definitive 
method against which midgraft PSV, PI and TAMV 
ratio were compared. Duplex scanning has gained 
widespread acceptance as a reliable method in the 
diagnosis of arterial disease. In our vascular labo- 
ratory we have 10 years experience with Doppler and 
Duplex and perform 1000 vein bypass examinations 
per year. 
An impaired hyperaemic response (TAMV ratio 
2.0) was observed in 21 (88%) of 24 of patients with 
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stenoses including 11 (79%) of 14 patients with 
stenoses not causing distal pressure reduction. Thus, 
even among patients with normal ABI, the majority 
were incapable of increasing bypass flow velocity 
significantly in response to ischaemia, suggesting that 
these lesions become haemodynamically significant 
under circulatory stress. 
The hyperaemia test cannot replace detailed Duplex 
imaging. Firstly, it does not allow optimal discrimina- 
tion of patients with and without stenoses. Secondly, 
the hyperaemia test gives no information about the 
location and severity of the stenoses. Most likely, the 
reduced response to ischaemia seen in a number of 
patients with normal bypasses results from minor 
lesions in in- or out-flow vessels, which were not 
evaluated routinely. Therefore, patients with a low 
TAMV ratio should undergo complete imaging of the 
lower limb circulation to confirm the stenosis and to 
delineate the site and severity of the lesion prior to 
planning of intervention. If, however, detailed Duplex 
imaging had been restricted to patients with a TAMV 
ratio of 2.0 or less, the number of examinations could 
have been reduced from 91 to 38 and only three 
stenoses would have been missed, none of which 
thrombosed within the time of observation. Since a 
hyperaemia test may be completed in 5 min compared 
to an average xamination time for a complete Duplex 
imaging of 20 rain, the time required for investigation 
of all patients could have been reduced by 33% (from 
30.3 to 20.3 h) by this approach. By increasing the 
threshold value of the TAMV ratio to 2.7 all stenoses 
could have been identified but this would result in a 
large number of false-positive findings. Considering 
that all stenoses causing pressure reduction and all 
stenoses progressing to occlusion during follow-up 
were identified by the hyperaemia test, the sensitivity 
of 88% seems acceptable. The goal of surveillance is 
not to detect all stenoses but to identify failing grafts 
and it is questionable whether patients with stenoses 
not associated with distal pressure reduction, who are 
capable of increasing bypass flow velocity by a factor 
2.0 or more during hyperaemia, require revision. 
Larger series with a longer observation time are 
needed to clarify this question. 
TAMV ratio is unaffected by graft diameter, but 
TAMV~st varies with cardiac output, blood pressure 
and in- and out-flow resistance. 24In order to minimise 
physiological fluctuations, the hyperaemia test 
should be carried out under standardised conditions. 
TAMVhyperaemia v ries with the degree of ischaemia. In 
the present study, the period of ischaemia was 
relatively short and possibly not complete in all cases, 
as flow through collaterals cannot be ruled out. 
However, manual bypass compression is less trau- 
matic than thigh cuff compression and considering 
that pedal artery Doppler signals disappeared in all 
but two cases, collateral circulation is unlikely to be a 
significant problem. 
In accordance with previous observations 11'2s rest- 
ing bypass velocity waveform configuration was 
found to be influenced by stenoses (Fig. 3). Patients 
with evidence of stenoses were characterised by a low 
PI, reflecting a low peripheral resistance due to 
arteriolar dilatation distal to a flow restricting lesion. 
Assessment of resting PI alone was inadequate for 
detection of stenoses as a low PI only provided 
incomplete separation of bypasses with stenoses and 
normal bypasses, especially those with limited distal 
outflow beds (Table 2). Confirming the findings of van 
Asten et al., 26 our results suggest hat the velocity 
profile is affected by the location of stenoses. In the 
present series six stenoses were located proximal and 
18 distal to the site of measurement and PI seemed to 
be more severely reduced in the former group. Thus, 
single point measurement is not ideal when using 
PI. 
Luscombe t al. 27 studied the value of midgraft PSV 
for identification of stenoses in a series of 88 reversed 
vein grafts and reported that 13 of 15 stenoses could 
be detected by either a midgraff velocity of less than 
45 cm/s or an ankle-brachial index of 0.9 or less. The 
authors suggested restricting complete Duplex exam- 
inations to patients with either reduced ABI, incom- 
pressible vessels or low velocity. Thereb?~ the number 
of detailed examinations could be reduced by approx- 
imately 50% at the cost of a small risk of missing 
minor stenoses. Outflow level was not reported and 
graft diameter not measured. 
In the present series, midgraft PSV was a poor 
indicator of stenoses; only 46% (11/24) of the Duplex- 
verified stenoses and only 80% (8/10) of stenoses 
causing distal pressure reduction were associated with 
a midgraft PSV ___ 55 cm/s. PSV has been found to 
vary inversely with luminal bypass diameter, z8Thus, 
in small calibre veins PSV is generally high and even 
tight stenoses might not reduce PSV below the 
threshold of 55 cm/s. Conversely, in large vein grafts 
a physiologically low PSV can be expected, resulting 
in false-positive findings. Our results indicate that the 
midgraft segment of in situ veins shows considerable 
variation in size, making interpretation of PSV diffi- 
cult. PSV is also related to outflow resistance. A low 
PSV is frequently observed in inframalleolar 
bypasses 28and in our experience, the distal third of a 
tibial or a pedal artery is employed as run-off artery in 
one third of patients undergoing in situ vein bypass 
surgery. 29 The impact of vein graft size and out-flow 
level on PSV may partially explain why the low 
Eur J Vasc Endovasc Surg Vol 10, October 1995 
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velocity criterion is apparently less suitable for in situ 
veins than for reversed veins, z7'3° which presumably 
represent a more homogeneous group with respect o 
these parameters. 
In conclusion, a hyperaemia test based on Doppler 
waveform analysis of resting and hyperaemic bypass 
velocity profile provides valuable haemodynamic 
information and may be used as a simple screening 
procedure to select patients who require further 
investigation by complete Duplex imaging of the 
entire limb. 
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